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“ Climate services are a new type of health 
service that can improve the effectiveness 
of our core business –detecting disease, 
monitoring health risks, anticipating 
problems, and taking action to save lives.”

- Margaret Chan, WHO director general 
statement to the Intergovernmental 
Board on Climate Services, November 
2014.

“Currently, and despite wide recognition of the 
connections between climate and health, 
climate information and services to inform 
health decisions are not used to their full 
potential (Rogers et al. 2010).” from 
WHO/WMO, 2016 pg 9.
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Early warning systems for epidemics
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Early warning systems that use climate information are a 
strategy to better manage and prevent epidemics.

1. Bring together the climate-health sector and local 
communities.

2. Provide the evidence base that climate affects 
epidemics/outbreaks.

3. Strengthen local disease, mosquito, and climate surveillance 
systems. Match the spatial and temporal resolution of data.

4. Strengthen climate forecast models.

5. Create models to forecast epidemics using climate 
information.

6. Translate the models into useful/operational tools for the 
public health sector, which reflect the local reality.
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(WHO/WMO 2016)
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Development of a health climate spatio-temporal 
modeling framework for the Caribbean

Aim: To collaborate with regional climate and health stakeholders in the 
Caribbean to develop a modeling framework that will ultimately provide spatio-
temporal probabilistic forecasts of Aedes aegypti abundance, an indicator of the 
risk of transmission of dengue fever, zika fever, and chikungunya. 

Case studies in Dominica and Barbados.

1. Stakeholder engagement: Conduct stakeholder mapping and a needs 
assessment of climate and health stakeholders.

2. Spatiotemporal modeling: Develop probabilistic (risk) maps of Aedes 
aegypti and evaluate statistical associations and lag periods among 
climate, Aedes aegypti and disease transmission.

3. Capacity strengthening: Webinar series on climate and health

Timeframe: February to July 2017:
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Epidemiology data (suspected 
and lab confimed cases)

Entomology – Suiveillance data

ARBOVIRUS DECISION SUPPORT STSTEM

Entomology – Inteiventon data
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MODELS
• Statstcal models
• Analytcal models
• Simulaton models

MANAGEMENT 
TOOL

(ex. dynamic 
queiy tools)

Chaits 
Giaphs 
Tables

Google 
Eaith

Model 
Outputs

GIS 
softwaie

Map 
based 

outputs

Spatal backbone data (GIS)

• Sociodemogiaphic data fiom nat’l census
• Vulneiability maps
• Enviionmental data (elevaton, land 

covei)
• Infiastiuctuie (ioads, stieets, city blocks)
• Locaton of hospitals, health clinics, 

schools

 Adapted from: Eisen and Lozano-Fuentes 2009

Climate–weathei and climate 
monitoiing and foiecasts 



 In partnership with 

Dengue fever: genus flavivirus. 
• Four serotypes of the virus (DENV1-4).
• Infection from one serotype results in immunity to that serotype. 

Infection with a second serotype results in more severe disease.
• Dengue vaccine (Sanofi Pasteur) with limited efficacy available in 

some countries. 
• Disease ranges from mild to severe shock, hemorrhage, death. 
• Current estimates of apparent DENV infection in Latin America 

range from 1.5 million to 13.3 million cases per year.

 

Chikungunya: genus alphavirus. 
• No vaccine yet. 
• Disease causes febrile illness similar to dengue and long-term joint 

pain. 
• First cases reported in the Americas in 2013. 
• Over 2 million cases to date.
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Zika fever: genus flavivirus
• No vaccine yet. 
• Disease causes febrile illness similar to dengue and can result in 

neurological complications including Guillain-Barré syndrome and 
congenital syndrome. 

• First cases reported in Brazil in 2015. To date, 753,703 suspected and 
confirmed autochthonous cases of ZIKV have been reported from 48 
countries and territories in the Americas.

• Zika can also be transmitted by sex, from mother to child during 
pregnancy, by blood transfusion, and laboratory transmission

Sexually transmitted zika:

Zika virus persists longer in semen than in other bodily fluids. Detection of 
Zika virus RNA in semen has been reported up to 188 days after illness 
onset.

https
://www.cdc.gov/zika/hc-providers/clinical-guidance/sexualtransmission.html

 

https://www.cdc.gov/zika/hc-providers/clinical-guidance/sexualtransmission.html
https://www.cdc.gov/zika/hc-providers/clinical-guidance/sexualtransmission.html
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Aedes aegypti: urban enemy

• Female mosquitoes are highly competent 
vectors of viruses that cause disease in 
humans: DENV, CHIKV, ZIKV, Mayaro, YFV

• The mosquito is highly invasive
• Aedes aegypti are day-time biters and prefer to 

feed on people (anthropophilic) in and around 
the home, school and workplace.

• Containers with standing water are used as 
larval habitat. Cryptic larval habitat is 
increasingly common (e.g., sewers, gutters, 
utility junction boxes).

• They are increasingly resistant to insecticide.
• Vector (mosquito) control is the primary way 

that the public health sector controls 
epidemics.
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Transmission cycle
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How Does Temperature Drive Biological Processes?

reactons speed up with 
temperature

processes break down rapidly at 
temperatures above optmum

(From S. Ryan)
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Aedes aegypti is sensitive to climate conditions

• Temperature affects mosquito physiology. 
– Warmer temperatures (up to an optimum) increase 

biting rates, faster larval development, shorter 
length of the EIP, shorter gonotrophic cycle, faster 
virus replication in the mosquito.

• Rainfall is more complicated.
– More rainfall can increase containers outdoors 

filled with rain water = more larval habitat
– Less rainfall can increase water storage containers 

filled with tap water = more larval habitat
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The impact of climate on health depends on the social vulnerability of the 
population. Risk factors for dengue: housing conditions, access 
to/interruptions in piped water, water storage around the home, knowledge, 
attitudes, mosquito abatement practices, economic barriers, housing density, 
education/income levels.
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Strengthening climate-health surveillance and 
research capacities in Ecuador

Aim: Create a long-term research platform for climate-sensitive diseases 
and other priority areas, e.g., other pathogens, clinical trials, vector control 
interventions.

Approach: 
• Strong partnerships and an interdisciplinary and international research 

team
• A social-ecological systems approach to study design and analysis.
• Strengthening virus-vector-climate surveillance systems (diverse data 

streams) and ongoing training and capacity building
• Integration of data through spatiotemporal modeling.

Outcome:
• Generate the evidence base for the effects of climate on health
• Identify and test effective public health responses and interventions.
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Center for Global Health 
& Translational Science
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Machala, Ecuador (~250,000 pop.)
Dengue is hyperendemic (DENV1-4)
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Stakeholder engagement with 
communities, climate and 
health sectors.

Understand the needs, 
timeframe, expectations, 
expertise, and language of each 
group.
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Analyses of stakeholder perceptions
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El Oro Province 
1995-2010

(Stewart Ibarra & Lowe, 2013, AJTMH)

Dengue

Local 
climate

ENSO
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Lag 
period

Seasonal (intra-annual) variability 
(average monthly incidence)

Inter-annual variability 
(epidemics, anomalies)
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Climate:
Oceanic Niño Index (3 month lag)

Minimum temperature (2 month lag)

Rainfall (1 month lag)

Non-climate:
# of serotypes circulating in the country (3 month lag)

Mosquito infestation (House Index) (1 month lag)

*Vector control effort was also tested

Analysis: 2 models (1995-2010, 2001-2010)
Generalized linear mixed model (negative binomial) with temporally auto-
correlated random effects (monthly, yearly)

ONI
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Lagged model parameters
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Climate & nonclimate factors 
drive epidemics

(Model adequacy results 2001-2010)

(Seasonal)
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2001-2010 best fit model 
(not including yearly random effects)
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Central area 
(CA)

Peripheral area 
(PA)
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Local climate predictors varied by site
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Breeding 
sites vary by 
neighborhood

Proportion of Ae. 
aegypti pupae 
collected from 
container types in 
each season
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Risk factors vary seasonally
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(Stewart Ibarra et al, 2014 BMC Public Health)

Community 
perceptions of 
dengue

Perceptions govern 
behavior, influencing 
people’s ability & 
willingness to respond to 
public health 
interventions.
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Peiipheiy

Results:
Risk factors for dengue
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Social-ecological system for dengue

ENSO

(Stewart Ibarra et al, 2013, PLOS ONE)
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Capacity Strengthening in Ecuador: Partnering to improve surveillance of febrile 
vector-borne diseases. 2013-present.

High-resolution longitudinal spatiotemporal data on human infections, virus serotypes and 
genotypes, mosquito vector, human nutrition, social-ecological risk factors, microclimate 
data

H
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In-situ Vector Dynamics in a High Burden Region in Ecuador
NSF Zika Rapid; 2016-2017. PI: A Stewart; Co-PIs: Ryan, Endy, Neira

Effects of temperature on vector-borne disease transmission: 
integrating theory with empirical data
NSF/NIH EEID; 2015-2020; PI: Erin Mordecai, Stanford University

• 3 year cohort study
• 240 households, 4 sites
• ibuttons for temp, RH
• Adult mosquito abundance
• Household risk factors
• Dengue & zika prevalence 

and incidence in 
mosquitoes and humans

EcuadorStudy sites
El Oro Province

Peru

Portovelo
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Key results
• Strengthened local arbovirus surveillance capacities
• Fine-scale data on the spatial and temporal dynamics of 

disease transmission and climate across the city.
• Characterization of infections (i.e., symptoms, serotypes, 

serology)
• Prevalence of asymptomatic and symptomatic arbovirus 

infections in the community.
• Phylogenetic analysis of viruses moving through the region
• Household and individual-level risk factors
• Detection of the emergence of CHIKV in Machala in 2015 

and ZIKV in 2016
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7 acute/recent DENV associate 
cases per acute DENV index case
(34% of associates).

2-3 acute/recent DENV associate 
cases per acute DENV index case
(13% of associates).

Cluster prevalence estimates for DENV
2014 2015
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Improved seasonal climate forecasts, El Niño forecasts, 
and new mathematical approaches for better dengue 
forecasts.
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Above-normal suitable conditions for the occurrence of the zika epidemic at the 
beginning of 2015 could have been successfully predicted for several zika hotspots, 
and in particular for Northeast Brazil: the heart of the epidemic. 

(in review)
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Early warning systems that use climate information are a 
strategy to better manage and prevent epidemics.

1. Bring together the climate-health sector and local 
communities.

2. Provide the evidence base that climate affects 
epidemics/outbreaks.

3. Strengthen local disease, mosquito, and climate surveillance 
systems. Match the spatial and temporal resolution of data.

4. Strengthen climate forecast models.

5. Create models to forecast epidemics using climate 
information.

6. Translate the models into useful/operational tools for the 
public health sector, which reflect the local reality.
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Lessons learned for work 
on climate and health

• This topic brings people out of their comfort 
zones and cuts across disciplinary and 
institutional silos. 

• Requires strong political will and buy-in from 
authorities.

• Requires a long-term commitment. This is a 
dynamic and iterative process.

• Need to define the priorities, common objectives 
and expected outputs.
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Lessons learned for work 
on climate and health

• Need to create tailored climate and health data: 
define temporal and spatial scales, data format.

• Need to establish data sharing protocols and 
avenues for dialogue (forums)

• Capacity building between both sectors (2 way) 
is important to strengthen the collaboration.

• Providing scientific evidence of the effects of 
climate on health is an important early win. 
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• Research is responsive by national strategic priorities.
• Need continuous engagement through formal and informal communication. 
• Build trust, relationships, reputation. Face time is critical.
• Open to new ideas and non-expert input, especially in cross-cultural settings.
• Flexible to adjust as needed when change arise in the study.
• Willing to embrace ambiguity and complexity.
• Willing to examine personal and cultural biases.
• Active team participants
• Willing to express their values to the group and understand the role and work of other 

participants.
• Experience working in an interdisciplinary team, or have patience and willingness to 

learn the process.
• Collaborative, exhibiting respect, humbleness, and trust for the people and process.
• Ability to clearly communicate. 

It is important to have strong institutional partners 
and a team of collaborators who are engaged in 
the co-development of climate services.
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Policy
Ministry of Health
Natonal Insttute of Meteorology
Ministry of Environment
World Health Organizaton

Social science
Sociologists
Politcal scientsts
Communicatons experts

Public-Piivate Paitneiships
Pharmaceutcals (vaccines, diagnostcs)
Insectcides, mosquito surveillance traps 

Biophysical science
Climate science
Modelers (GIS, statstcs)
Ecology
Entomology

Biomedical science
Medicine
Virology
Immunology
Epidemiology
Public health
Psychology

Civil society actois
Community leaders
NGOs
Media
Artsts

Funding & Regulatoiy 
agencies
NSF, NIH, DoD, FDA, IAI, Gates
SENESCYT, ENFARMA, ARCSA
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This study is being conducted by the Caiibbean Insttute foi Meteoiology and Hydiology (CIMH) in 
collaboiaton with the State Univeisity of New Yoik Upstate Medical Univeisity (SUNY UMU) thiough the 
United States Agency foi Inteinatonal Development's (USAID) Piogiamme foi Building Regional Climate 
Capacity in the Caiibbean (BRCCC Piogiamme) with funding made possible by the geneious suppoit of 

the Ameiican people. 

Moie infoimaton about the BRCCC Piogiamme is available at: icc.cimh.edu.bb/biccc
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Thanks!

Anna M. Stewart Ibarra

stewarta@upstate.edu

SUNY Upstate Medical University

Syracuse, NY, USA

Center for Global Health &
Translational Science

mailto:stewarta@upstate.edu
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